PARP cleavage, DNA fragmentation, and pyknosis during excitotoxin-induced neuronal death.
Poly(ADP-ribose)polymerase-1 (PARP-1) is a nuclear enzyme activated by DNA breaks and serves a role in DNA repair through the formation of polymers (poly(ADP)ribosylation) at sites of DNA damage. PARP-1 is activated by DNA damage in neurons of the hippocampus and cerebral cortex following excessive exposure to glutamate receptor agonists such as NMDA or kainic acid. In addition, recent studies suggest that degradation of PARP-1 occurs in cells that undergo apoptotic versus nonapoptotic forms of cell death. To investigate this process further, we examined the spatiotemporal aspects of excitotoxic injury in the rodent visual cortex by making focal intracerebral injections of kainic acid. These injections resulted in DNA damage, PARP-1 activation, and neuronal cell death over a 5-day period. Rapid neuronal cell injury assessed by Fluoro-Jade staining appeared within hours, but increased TUNEL staining occurred only after 24 h. A dramatic increase in caspase-3 activity, as well as an increase in the number of neurons containing active caspase-3, peaked 2 days after injury. Last, increased PARP-1 immunoreactivity and PARP-1 cleavage reached peak levels 2 to 3 days after delivering the excitotoxin. These findings suggest that increased caspase-3 activity may regulate the degradation of PARP-1 in subsets of cortical neurons during excitotoxic cell death.